INTRODUCTION
Submerged arc welding is also known as hidden arc welding was developed for making high quality butt welds in thicker plates. The arc is produced from the end of a continuous electrode which is buried under the thick layer of flux. The heat of the arc causes the melting of electrode, base plate and the adjacent flux. The lower layer of the flux is melted and reacts with the impurities and forms a slag while the upper unused layer is collected by a hopper and it is again used. It gives the double protection against the atmospheric contamination [1] . In recent years fully automatic and semiautomatic SAW equipments have resulted in an increase in welding speed and their use has made possible to obtain high quality joints. The electrodes used for SAW are either bare or copper coated to prevent them from corrosion. The coating also increases the electrical conductivity of the electrode wire. For welding of various types of steels various combinations of electrodes and fluxes are in use. Fluxes are the chemical substances that are used as a cleaning agent in welding. The SAW fluxes contain lime, silica, manganese oxide, calcium fluoride and other compounds. In SAW the weld pool is protected from the atmospheric contamination by being submerged under a blanket of granular fusible flux. In the molten state, the flux becomes conductive and provides a current path between the electrode and work piece. Fluxes can be categorized depending upon the method of manufacture, the extent to which they can affect the alloy content of the weld deposit and the effect on weld deposit properties.
The basic functions of the fluxes in SAW are to improve arc stability, to refine the weld metal and to add the alloying elements [2] [3] .The various ingredients of flux decides the weld composition and properties. The physical and chemical properties of flux and welding process parameters decide the transfer of various elements to the weld.
The mechanical properties of the weldments depend upon the microstructure developed during submerged arc welding [4] . The microstructure of a weld metal in turn largely depends on the heating and cooling cycle. The microstructure is also affected by the welding process, process parameters and the material to be welded. The important factors that decide the microstructure are chemical composition of the weld, heating and cooling rate and flux composition used for welding. The weld oxygen content and the shape and size of inclusions also have a definite effect on microstructure [5] .
The heat input and cooling rate both have a direct effect on the microstructure of final weld metal composition [6] [7] . The austenite -ferrite transformation, cooling rate and different ferrite morphologies are important considerations for improving the mechanical properties. The various microstructures formed in low carbon steel welds are grain boundary ferrite, widmanstatten ferrite, side plate ferrite and micro phases (A small amount of martensite, retained austenite or degenerated pearlite) depending on the cooling rate and composition. Dallam et al. [8] studied the microstructure of low carbon steel weld and HAZ and observed various subzone microstructures in HAZ such as spheroidized zone, partially transformed zone, grain refined zone and grain coarsened zone. The same has been verified by the various other researchers [8] [9] [10] . The weld metal microstructure is controlled mainly by cooling cycle while the metallurgical transformations in HAZ are related to both heating and cooling cycle [11] [12] . The various microstructures obtained in welds of low carbon steel are widmanstatten ferrite,acicular ferrite, pearlite, grain boundary ferrite, bannite and polygonal ferrite. Following microstructures are obtained in the weld of low carbon steels.
Weld microstructure is affected by the weld oxygen content [13] [14] [15] . For formation of acicular ferrite an optimum level of oxygen is required. The acicular ferrite is also increased with increase of Al content in the weld up to a certain limit. If it is increased beyond a certain limit the formation of acicular ferrite is reduced. Jordar et al. [16] have reported that the pro-eutectoid ferrite was obtained when the size of inclusions were lying between (0.2 -0.7)µm, while acicular ferrite was formed when the size of the inclusions were larger. Various contents like Calcium and Mg are insoluble in steel while Al, Mn, Si, and Ti contents are soluble in steel. These can react with the sulphur and oxygen present in the weld and may form sulphide or oxide inclusions. Sulphur may be present as an impurity in the flux or base metal and it is usually found in those inclusions which may have Mn content. In the same way Al content may be present in the flux or base plate or wire, which may change the inclusion population and finally the microstructure of the weld metal. Aluminum reacts with weld oxygen and forms aluminum oxide. This is given in equation (1).
These inclusions may be present in the form of alumino silicates, aluminates and mixed oxides. In the same way silicon and titanium are soluble in steel and easily reacts with oxygen in the weld to form dioxides but these oxides further reacts with oxygen and give reactive positive ions and negative ions. These cations or anions react with elements present in the weld pool. The silicon ions react with oxygen to form silicates as shown in equations (2) and (3). 4+ 2 2
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Silicon may be present in the inclusion in the form of manganese silicates, manganese alumino silcates etc. Thus sulphur and oxygen both are mainly responsible for inclusion formation. These inclusions also affect the mechanical properties.Besides the element transfer oxygen affects the volume fraction, type and size of inclusions which finally may decide the toughness and strength of the welds. The Tables 1-4 represent the design matrix, factors and their levels, wire and plate composition and welding parameters respectively.
EXPERIMENTAL PROCEDURE
1. Twenty fluxes were designed as per RSM by using central composite design. The designed matrix in the coded form is given in Table 1 . The three factors, wire and plate composition are given in Table 2 and 3 respectively. While, the welding parameters are shown in Table 4 Table 4 . 5. In this study 10 % dilution effect of the base plate has been assumed. 6. Chemical analysis of the bead was done from the powder, extracted from the top bead with the help of a drill. The measured responses are given in Table 5 . 7. The transfer of manganese was calculated by a ∆ Delta quantity = Analyzed composition − Expected composition. The expected composition was calculated from the below given relation:
dilution base plate composition + (100 dilution) wire composition 100 
CORRELATIONS OF MICROSTRUCTURE WITH ELEMENT TRANSFER
With an increase of C, Mn and Ni contents to the welds, the pearlite percentage of the microstructure is reduced. This has been depicted in the Figures 1-3 respectively. These figures show that the element transfer has a significant effect on the microstructure of the weld. With the increase of carbon proportion, the pearlite content is reduced although it is assumed that with increase of carbon content in the weld, the pearlite content increases in carbon steels [17] . This is shown in the Figure 1 .This may be dueto very low carbon present in the welds and also dueto reduction in impact strength with increasing weld carbon. In this study it has been verified that the impact strength increases with increase of pearlite content in the welds. As with the increase of carbon content, the impact strength is reduced so, the pearlite content might also be reduced. Weld Mn content also reduces the pearlite content. This has been given in Figure 2 . It may be attributed to its nature of increasing hardness and promoting ferrite formation [18] . The increase of weld Mn content increases the hardness and consequently, the reduction in impact strength [19] and [20] . So the pearlite content might also be low. The same type of variation is also observed for Ni content. This is shown in the Figure 3 . Although, the impact strength of the welds increase with increase of Ni content to a certain extent but the pearlite content is reduced.The pearlite content is high in both the cases when the weld oxygen is either very low or very large.This has been depicted in Figure 4 . The weld oxygen has a definite effect on microstructure of the welds [21] and [22] . The BI also affects the various elements transfer to the weld. 
CONCLUSIONS
1. The correlation of C and Ni transfers show that the pearlite content is reduced with increase of these elements. 2. The weld pearlite after an initial decrease, it increases with increasing weld Mn comtent. 3. The pearlite content is high in either case when the weld oxygen is either very high or very low. 4. The element transfer to the weld has a definite correlation with the weld microstricture.
